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PROCESS FOR PRODUCING PHOTOCI-IROMICITY 
IN UNTREATED GLASSES OF SUITABLE 
COMPOSITION BY A TEMPERATURE 

' ' TREATMENT IN A LIQUID ; 

BACKGROUND OF THE INVENTION 
This invention relates to a process for the manufac 

ture of photochromic glass. More particularly, this 
invention relates to an improved process for annealing 
photochromic optical quality glass. , 
Photochromic opticalquality glass, which undergoes 

a reverzsable photochemical reaction upon exposure to 
electromagnetic radiation resulting in a change in per 
cent transmission along at least a portion of its charac 
teristic transmission curve, is becoming increasingly 
popular optical glass, particularly for use in lenses. The 
glass itself can be‘ any Asuitableoptical quality glass to 
which one or more photochromic compounds are 
added in an amount suf?cientto alter the light trans 
mission curve of ‘the‘glass upon exposure to electro 
magnetic radiation. One example of such glass now 
becoming popular is the photochromic sunglasses 
which rapidly darken upon exposure to sunlight and 
quickly lighten when out of the sun. While for purposes 
of sunglasses a neutral grey photochromic reaction is 
preferred so as to not tint the ?eld of vision, in principle 
similar photochromic glasses are used in various appli 
cations which darken to a colored lens. Suitable photo 
chromic compounds include .but. are, not limited to‘ 
silver in combination with halides. . 

In the production of photochromicglasses, it is gen 
erally necessary to carry out a high temperature an 
nealing treatment of the non-photochromic glass com 
position (hereinafter referred to as untreated glass), 
which contains all of the components necessary for the 
photochromicity. In industrial fabrication, the un 
treated photochromic glass composition is'cooled after 
the batch melting operation down to a temperature 
below about 500°C. The untreated glass is then heated 
to the so-called annealing temperature, usually 
550°C—650°C, depending on the type of glass. The 
annealing temperature'is maintained for a period of 
time suf?cient'to activate the photochromic properties 
therein, the length of time required generally varying 
inversely with the annealing temperature. The now 
photochromic ?nished glass is then cooled down to 
room temperature. Data concerning the,v processes tak~ 
ing place in the glass during the annealing are known in 
the art and given in the literature, e.g. Bach and 
Gliemeroth, Glastechn. Ber. 44: 305 (1971) or J. 
Amer. Ceram. Soc. 54: 528 (1971), the contents of 
which are incorporated by reference herein. These 
glassesand, above all, silver halide-containing glasses, 
e.g. those described in German, Pat. Nos. 1,421,838 

1,596,847 require extremely accurate control of 
time and temperature during the annealing'process in 

. order to prepare homogeneously photochromic prod 
ucts. 

The silver halide-containing glasses described in the 
above references typically contain 0.015-119 wt %, 
preferably ,0.2-0.9 wt % of silver halides present as 
silver chloride, silver bromide or silver iodide, or com 
binations thereof. These values are'determined analyti 
cally and have the following typical compositions (syn 
thetically): 
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Broad (Wt.-%) Preferred 

Si02 0-70 l2-6 1 
P205 l-50 2-1 2 
8,0, 12-70 ' l3~48 

LigO ‘ 07-8 2-7 
‘ Na-2O 3- l 5 3-14 
U20 O-6 2-4 
M g0 2-16 3- l O 
ZnO 0-20 2-8 
BaO 0-20 l-3 
PbO l-6O 3-3 8 
Lazoa 0-25 2-l 3 
ZrOz ‘ l- l 0 2—6 
A1203 2-25 8- l 7 

Metal oxides (other than above), 0-15 wt. -%; Ag2O, 
0.01—2.5 wt. -%; F, 0~l0 wt. -%; Cl, Br, I, >0.0l wt. 
-%. 
The temperature control problem during annealing 

has so far been solved by introducing the glass cooled 
to below 500°C into a furnace, which is heated as pre 
cisely as possible by electrical means or by gas, the 
glass either traveling ‘continuously through a transfer 
furnace, or beingremoved at the appropriate time from 
a chamber furnace; in every case the glass leaves the 
controlled high temperature zone after an annealing 
time which is as far as possible within closely de?ned 
limits. Variances of about 5°C or 4% of the annealing 
time cause photochromic defects or inhomogeneities. 
Thus, two specimens of the same untreated glass, after 
tempering for 40 minutes at 638°C and 643°C, respec 
tively, show color differences in the activated photo 
chromic condition which can be clearly detected with 
the naked eye and which are ‘so strong that these two 
specimen glasses cannot be used simultaneously as 
photochromic spectacle glasses in a single frame. 
Moreover, the photochormic properties of these two 
specimen glasses are different from one another: after 
being exposed to Xenon light XBO, 250 W, spacing 25 
cm, the specimen tempered at 643°C has a light trans 
missivity lower by 3% at 545 nm than the specimen 
tempered at 638°C. The speed of regeneration of the 
specimen tempered at lower temperature is 2 minutes 
faster, related to the half life period. 
However, it has heretofore not been possible to de 

velop an alternative process for the temperature treat 
ment of such untreated glasses without also damaging 
the quality of the photochromic properties. 
One particular disadvantage of the temperature con 

trol processes of the prior art is seen in the fact that the 
' “annealingtemperature t,,” as used within this speci? 

55 

cation and being within the softening temperature 
range, lies considerably above the glass transformation 
temperature t, which is similar to the strain point tem 
perature at 101'"5 poises of the photochromic glass, so 
that the glass is easily deformed as a plastic during the 

. annealing process. An annealing operation could con 
60 

65 

sequently heretofore be effected only by laying the 
glass on supports made of metal, kaolin, ?re clay or 
similar high melting materials, the shape of support 
being assumed by the photochromic glass because of its 
own weight and plastic state at annealing temperatures. 
An additional commercial disadvantage of the prior 

annealing processes lies in the time required for the 
annealing, which exceeds by several times the time 
required for the rest of the manufacturing process. 
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OBJECTS OF THE INVENTION 

Accordingly it is an object of this invention to pro— 
vide an improved process for preparing photochromic 
glass. 
Another object of this invention is to provide a pro 

cess for annealing untreated or inactive photochromic 
glass compositions. 
An additional object of this invention is to provide a 

thermally efficient process for annealing photochromic 
glass. 
A further object of this invention is to provide a 

process for accurately controlling temperature and 
heat transfer when activating photochromic glass com 
positions by annealing. 
Other objects and advantages of this invention will 

become apparent to those skilled in the art upon fur 
ther study of the speci?cations and appended claims. 

SUMMARY OF THE INVENTION 

Brie?y, the above and other objects are attained in 
one aspect of the present invention by providing a 
process for thennally activating a photochromically 
inactive untreated glass composition containing all of 
the components necessary for photochromically active 
glass, characterized by activating said glass by immer 
sion in a hot liquid bath having a sufficiently high tem 
perature to photochromically activate said glass. 

BRIEF DESCRIPTION OF THE DRAWING 

The above and other objects of the present invention 
will become more fully apparent to those skilled in the 
art from the following detailed discussion, taken with 
the annexed drawing, which schematically illustrates 
one apparatus suitable for conducting the process of 
this invention. 

DETAILED DISCUSSION 

The process of this invention can be easily executed 
for annealing photochromic glass, and in this process 
constancy of the high temperature annealing zone as 
regards time and volume is standardized. A better utili 
zation of the heat energy expended for annealing is 
achieved, i.e., the ef?ciency of the annealing procedure 
is greatly increased and the process is accordingly less 
costly. Finally, the process of this invention prevents 
deformation of preformed glass parts, e.g., semi-?n 
ished or ?nished photochromic spectacle glasses, dur 
ing the annealing, and at the same time shortens the 
time and steps required for the annealing procedure. 
According to the present invention, the entire an 

nealing operation is effected in a bath of a liquid which 
is maintained at the required annealing temperature. 

It has now been found that immersion of an untreated 
glass which is to be annealed into a liquid melt heated 
to the desired annealing temperature t,I perinits a sub 
stantially better utilization of energy in the annealing 
operation because of the better heat transfer at the 
boundary surfaces between untreated glass, liquid and 
heating element. In contrast to the usual prior art heat 
transfer between untreated glass, air and a heating 
element, thermal ef?ciency is improved without disad 
vantageous effects on either the untreated glass or the 
?nished glass. 

It was further found that the quality of a photochro 
mic glass which has been annealed in the liquid melt 
according to this invention is subject to substantially 
fewer important color ?uctuations and non-uniformi 
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ties in the blackening density after light exposure and 
also regeneration behavior. 
As the liquid annealing bath, it is possible to use any 

substance which is liquid in the range of the annealing ' 
temperature, i.e., which is above its melting point, but _ 
sufficiently far below its vaporization temperature or its 
decomposition temperature, and which does not show 
any reactions with either the untreated glass or the 
?nished glass which could have a disadvantageous ef 
fect on the quality of either photochromic properties or 
of the glass surface. 
Accordingly, molten metals, metal alloys, salts or salt 

mixtures can be used as annealing bath liquids. How 
ever, the known baths of liquid metals or metal alloys 
proved to be less than ideal for several reasons. For 
example, it was found that the protective gas atmo 
sphere necessary when using known tin or tin alloy 
baths had a very disturbing effect with the charging and 
removal. Furthermore, these metal baths typically have 
a higher speci?c gravity than the photochromic glass 
which is to be annealed; consequently, the glass ?oats 
on the surface of the bath. As a result, continual heat 
transfer is effected only on one side of the glass, while 
the other side of the glass is exposed to the protective 
gas atmosphere and its greater temperature ?uctua 
tions resulting in a less satisfactory heat transfer. While 
such partial immersion is suitable for limited applica 
tions, total immersion annealing is generally preferred. 

It ‘has been found that molten salts or salt mixtures 
are considerably better suited for carrying out the pro 
cess of the present invention, because their density can 
be selected to lie in the range of density of the glass 
which is to be annealed. With a decidedly lower or 
higher density of the liquid salt melt as compared with 
that of the glass, e.g. a difference of >—-0.5 or +0.05 
g/cc. density, however, there is again the danger of 
plastic deformation under the actual weight of the glass 
or upward force of the bath (assuming the glass is forci 
bly immersed by means of a foraminous enclosed con 
veyor, for example), although this is less than occurs 
when the tempering takes place in air. 

It has been found that the most desirable annealing 
results are obtained with salt melts of which the density 
is substantially the same as or somewhat lower than 
that of the glass to be annealed. By substantially the 
same density is meant a density sufficiently close to that 
of the glass at annealing temperatures so that plastic 
deformation does not occur during annealing. This 
tolerance range can be de?ned by 

— 0.5 g/cc, preferably — 0.05 

Drall m!" = Dnlau g/cc 
+ 0.05 glcc, preferably + 0.003 

D being the density at the annealing temperature. 
The smallest amount of deformation of the photo 

chromic glass is produced with such salt melts at an 
annealing temperature t,I which is substantially equal to 
or lower than the glass transformation temperature t,,+ 
150°C. Thus, it is possible, for example, with a salt bath 
of (wt.-%): 

a) 28% KCl or b) l2% KCl 
35% KNO; l2% NaNOn 
36% Ba(NOa)-2 75% Ba(NO;,)= 
1% KMnO, 1% KMnO4 
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and at an annealing temperature t,, = 605°C, to anneal 
untreated spectacle glasses with a composition (in parts 
by weight) of 

SiO: 60.3 5 
B203 . 18.05 

A120; 9.60 
P105 1 .00 
K20 2.00 
Nazo 8.00 
LizO 2.00 
ZrO: 1 .00 
BaO ' 2.00 

28° 8'38 
Br 0.25 
F 0.80 

for an annealing time of only 70 minutes to photochro 
mic activation without the polished surfaces visibly 
showing any deformation. The density of the salt bath, 
calculated back to 20°C is 2.54 g/cc. The transforma 
tion temperature of the glass is 542°C. 

All data concerning density in the following descrip 
tion are at 20°C; the densities at a given annealing 
temperature ta must be calculated separately for the 
glass and salt bath. 

In principle, a large number of salts is suitable for this 
process. Suitable salts include but are not limited to the 
examples set forth in the following table, in which are 
also indicated the densities, the melting temperatures 
and the boiling temperatures. On the basis of these 
components, one skilled in the art can conveniently 
prepare salt mixtures for accurately adapting the den 
sity of the salt mixture to the density of the glass. For 
this purpose, phase diagrams given in the literature are 
used (e.g. Phase Diagrams of Ceramists, Amer. Ceram. 
Soc., Columbus, Ohio, USA). These phase diagrams 
indicate whether the salt mixture is liquid‘ at the anneal 
ing temperature :0, and the densities of the salt mix 
tures can be calculated or shown graphically from the 
percentage quantities and densities of the individual 
components. 
Because of the good temperature constancy of such 

salt' baths, which is a function of their heat capacity, 
annealing conditions can be shifted to higher tempera 
tures and shorter times than can be practically used 
when annealing in a hot gas. 
Among a larger number of salts suitable in the pro 

cess of the present invention and shown in the follow 
mg Table, preferred are: 

Ba(NOa)z “(Posh 
PbClz KMnO4 
LiBr AgNOa 
LiC1 NaCl 
MnCl, NaF 
NiCL, NaNOa 
KCl uagwo, 
KBr salvo“), 
KNO; ZnFz 

and mixtures thereof. Of these, especially preferred 
are: 

Mnclz 
KCl 
KNO3 

NaNO3 
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Melting Boiling 
Substance Density Temperature Temperature 

SbZSS 4.64 550° C 1150° C 
AS253 3.43 . 300° C 707° C 
BaCOa 4.43 811° C 1450° C 
BaClz 3.917 925° C 1560° C 

Ba(NO3)2 3.24 592° C d 
CdBrz 5.192 567° C 863° C 
CdClz 4.047 568° C 960° C 
Cdlz 5.670 387° C 796° C 
CaClz 2.15 772° C 1600° C 
Cal, 3.9563 740° C 1 100° C 
CeCla 3.92 848° C 1727° C 
CsBr 4.44 637° C 1300° C 
CsCl 3.988 646° C 1290° C 
CsF 4.115 682°C 1251°C 
CsI 4.510 621° C 1280° C 
CsSz ~ 460° C 800° C 
Cszsa — 217° C 780° C 
Crlz 5.196 856° C 800° C 
CoCl, 3 386 620° C I049° C 
CuF — 908° C 1 100° C 
CuCl 4.14 430° C 1490° C 
CuClz 3.386 620° C 993° C 
CuI 5.62 605° C 1290° C 
LaCla 3.842 860° C 1000° C 
PbBrz 6.66 373° C 916° C 
PbC12 5.85 501° C 950° C 
PbF-g 8.24 855° C 1290° C 
Pblz 6.16 402° C 954° C 
LiBr ., 3.464 547° C 1265° C 

Li2COa .'2.11 723° C 1310° C ' 
LiCl 2.0.68 614° C 1360° C 
LiF 2.635 842° C 1676° C 
Li1 3.495 450° C 1 180° C 

MgClz 2.316—2.33 708° C 1412° C 
MnCl, 2.977 650° C 1 190° C 
MnSO4 3.25 700° C 850° C 
NiClz 3.55 1001° C 973° C 
KBr 2.75 730° C 1435° C 
KCl 1.984 776° C 1500° C 
KF 2.48 846° C 1505° C 
KNOS 2.109 334° C — 
K1 3.13 686° C 1330° C 

(KPOQB 2.107 810° C 1320° C 
K2504 2.662 588° C 1689° C 
K2S.1 — 145° C 850° C 
KzSz - 470° C _ 

KZS 1.805 840° C - 
KMnO, 2.703 240° C - 

K1 3.13'~ 686°C 1330°C 
RbBr 3.35 682° C 1340° C 
Rbl 3.55 642° C 1300° C 
RbCl 2.80 715° C 1390° C ‘ 
SmBrz 5.1 508° C 1880° C 
Se 4.81 217.4—220° C 684.8° C 

AgBr 6.473 432° C 1300° C 
AgCI 5.56 455° C 1550° C 
AgF 5.852 435° C 1159° C 
Agl 6.010 558° C 1506° C 

AgNOa 4.352 212° C 444° C 
Ag,Se 8.00 880° C d 
Ag2SO4 5.45 652° C 1085° C 
Agzs 7.317 825° C d 
NaBO2 2.464 966° C 1434° C 
NaBr 3.203 755° C 1390° C 
NaZCO, 2.532 815° C d 
NaCl 2.165 801°C 1413°C 

NaaAlFa 2.90 1000° C — ‘ 
NaF 2.558 988° C 1695° C 

NazPoaF —-- 625° C — 
Nal 3.67 651° C 1304° C 

NaNO, 2.261 306.8° C _ 
NaNO, 2.168 271° C — 
NazS04 — 884° C _ 

NaZSZO, 2.658 400.9° C 460° C 
NazTe 2.90 953° C — 
NaZWO4 4.179 698° C _ 

Sr 2.6 774° C‘ 1366° C 
SrCl; 3.052 873° C 1250° C 

SrC1,-SrF¢ 4.18' 962° C — 
Sr(NO;,), 2.986 400° C 645° C 
TeC14 3.26 224° C 380° C 
TlBr 7.557 480° C 815° C 
T1Cl 7.004 430° C 720° C 
T120 9.52 300° C 1080° C 
T12SO4 6.77 632° C d 
ThCl4 4.59 770° C 928° C 
Sn 5.75 231° C 2260° C 
Sn 7.28 231° C 2260° C 

SnClz 3.95 246° C 652° C 
SnJz 5.285 320° C 717° C 
SnOz 6.95 1127° C 1800° C 
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-cont1nued 
Melting Boiling 

Substance Density Temperature Temperature 

SnSe 6.179 861°C — 
SnS 5.22 - 882° C 1230° C 
T112 4.99 600° C 1000° C 
WCls 3.52 275° C 346.7° C 
UBr, 5.35 515° C 792° C 
UCl, 4.87 590° C 792° C 
UF4 6.70 960° C — 
v,o5 3.357 690° c 17505 c 
YbClz 5.08 702° C 1900° C 
YCla 2.67 721° C 1507° C 
Zn 7.14 419°C 907°C 

ZnQSbz 6.33 570° C — 
3ZnO~2B2O3 4.22 980° C -— 

ZnBr2 4.201 394° C 650° C 
ZnCl, 2.91 ‘ 283° C 732° C 
ZnF2 4.95 872° C 1500° C 
Znl2 4.7364 446° C 624° C 

Zn(C,¢H35Oz) 2 — 130° C — 

ZrF4 4.43 600° C — 

Without further elaboration, it is believed that one 
skilled in the art can, using the preceding description, 
utilize the present invention to its fullest extent. The 
following preferred speci?c embodiments are, there 
fore, to be construed as merely illustrative, and not 
limitative of the remainder of the disclosure in any way 
whatsoever. 

EXAMPLE 1 

This example shows that it is now possible in accor 
dance with the process of the invention for photochro 
mic untreated circular glass discs having a diameter of 
60 mm and a thickness of 4 mm, to be continuously 
annealed with the same throughput as that in which 
they are formed from the molten glass, e.g., at about 12 
discs per minute with a glass having a density of 3.44 
g/ccJThe apparatus used for this purpose is shown 
diagrammatically in FIG. 1, in which I is a preheating 
chamber, II the space above the salt bath, III is a salt 
bath, IV is a cooling chamber, V is a washing chamber, 
VI represents holding cages for the glasses to be an 
nealed, VII indicates an electrical heating element of 
the bath and VIII shows an endless conveyor belt. 
Whereas the electric heating in air had a simple on/off 
control with a tolerance of ?°C, there was a tempera 
ture constancy of 11°C in the molten bath, which can 
only be obtained with maximum effort in a conven 
tional furnace with the best currently available electric 
heating and air circulation. 

In this annealing assembly, 12 circular discs per min 
ute were continuously annealed at ta = 600°C (i.e., t, + 
124°). The composition of the glass being annealed 
was, in parts by weight (synthesis): 

sio2 1.50 
B20a 46.30 
A1203 12.50 
PbO 35.60 
KBr 1.44 
K1 1.44 
LiF 0.29 
Ag,o 0.38 
K2020, 0.01 

The density of the salt bath at 20°C was 3.48 g/cc., 
and the salt bath comprised 65 wt % NaF and 35 wt % 
ZnF. 

EXAMPLE 2 
The possibility of extremely accurate temperature 

control during annealing by means of immersion of 
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photochromic glasses in liquid melts according to the 
present invention enables the production of accurately 
de?ned and controlled color shades of the glass in the 
activated state during annealing, which shades were 
formerly considered as undesirable production ?uctua 
tions with conventional manufacturing and annealing ' 
procedures. 

In the same annealing assembly as used in Example 1, 
3 lots of discs of 100 pieces each, all consisting of the 
glass composition described in the following Example 
3, were continuously annealed in a salt bath. The com 
position of the salt bath was as follows: 

The annealing conditions for the 3 lots and the color 
shades obtained were as follows: 

Annealing Annealing Color Transmis- Half Life 
s1on 

Time Temperature Shade (%)* Period 
(Sec.) (°C.) (min.)“* 

1) 98 680 i 1 Gray 38 i 1.5 8.8 -_t- 0.2 
2) 98 672 i 1 Grayish- 40 i 1.4 8.0 i 0.2 

brown 
3) 100 665 t 1 Brown 42 i 10 7.5 I 0.3 

‘l" = a?er standard irradiation as explained in Example 3. 

‘ It was moreover found that other processes can be 
carried out simultaneously during the annealing of 
photochromic glasses. For example, with a suitable salt 
bath composition, an ion exchange as known per se in 
and near the glass surface of the photochromic glass 
can be effected in such a way that a compressive stress 
zone is established in and near the glass surface after 
cooling, whereby the strength of the photochromic 
glass is increased. But the fact that this chemical hard 
ening by ion exchange is effected simultaneously with 
the annealing is not an object of the invention. 

. The preceding examples can be repeated with similar 
success by substituting the generically or speci?cally 
described reactants and/or operating conditions of this 
invention for those used in the preceding examples. 
From the foregoing description, one skilled'in the art 

can easily ascertain the essential characteristics of this 
invention, and without departing from the spirit and 
scope thereof, can make various changes and modi?ca 
tions of the invention to adapt it to various usages and 
conditions. 

In addition, it is to be noted that the terms “photo~ 
chromic” and “photochromically” as de?ned herein 
above are to be considered synonymous with “photo 
tropic” and “phototropically”, respectively; it will be 
appreciated that photochromicity can be positive or 
negative, i.e., darkening or lightening upon exposure to 
the appropriate electromagnetic radiation. 
What is claimed is: 
1. In a process for thermally activating a photo 

chromically inactive untreated glass composition con 
taining suf?cient silver halide for obtaining photo 
chromically active glass, said silver halide being sub 
stantially uniformly distributed therein, the improve 
ment which comprises immersing said glass for a suf? 
cient time in a substantially silver-free molten salt bath 
having a suf?ciently high annealing temperature to 
photochromically activate said glass, wherein the den 
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sity of the molten salt is substantially the same as or 
somewhat lower than the density of the glass so that 
deformation of said glass during the annealing is essen 
tially prevented, said process of photochromic activa 
tion in said molten salt bath being conducted in the 
substantial absence of ion exchange for the purpose of 
chemically strengthening or tinting the glass. 

2. A process according to claim 1 wherein the tem 
perature of said bath is at least equal to the glass transi 
tion temperature of said glass composition and does not 
exceed said glass transition temperature by more than 
120° C. 
3. A process according to claim 1 wherein said mol 

ten bath comprises a mixture of at least two salts. 
4. A process according to claim 1 wherein the density 

of said molten salt is not substantially greater than the 
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10 
density of said glass composition and not more than 0.5 
g/cc less than the density of said glass composition. 

5. A process according to claim 4 wherein the molten 
salt further includes at least one inorganic coloring 
oxide. 

6. A process according to claim 4 wherein said glass 
is an optical lens. 

7. A process according to claim 6 conducted continu 
ously such that lenses are continuously annealed at the 

I same rate at which lenses are normally formed from 
molten glass. 

8. A process according to claim 7 wherein the devia 
tion of the temperature of the molten said is maintained 
at not more than 1°Centigrade throughout the anneal 
ing step. 

* * * * * 


